Direct labeling of 5-methylcytosine and its applications.
Cytosine methylation is one of the most important epigenetic events, and much effort has been directed to develop a simple reaction for methylcytosine detection. In this paper, we describe the design of tag-attachable ligands for direct methylcytosine labeling and their application to fluorescent and electrochemical assays. The effect of the location of bipyridine substituents on the efficiency of osmium complexation at methylcytosine was initially investigated. As a result, a bipyridine derivative with a substituent at the C4 position showed efficient complexation at the methylcytosine residue of single-stranded DNA in a reaction mixture containing potassium osmate and potassium hexacyanoferrate(III). On the basis of this result, a bipyridine derivative with a tag-attachable amino linker at the C4 position was synthesized. The efficiency of metal complex formation in the presence of the osmate and the synthetic ligand was clearly changed by the presence/absence of a methyl group at the C5 position of cytosine. The succinimidyl esters of functional labeling units were then attached to the bipyridine ligand fixed on the methylcytosine. These labels attached to methylcytosine enabled us to detect the target methylcytosine in DNA both fluorometrically and electrochemically. For example, we were able to fluorometrically obtain information on the methylation status at a specific site by means of fluorescence resonance energy transfer from a hybridized fluorescent DNA probe to a fluorescent label on methylcytosine. In addition, by the combination of electrochemically labeled methylcytosine and an electrode modified by probe DNAs, a methylcytosine-selective characteristic current signal was observed. This direct labeling of methylcytosine is a conceptually new methylation detection assay with many merits different from conventional assays.